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Prostate cancer risk and consumption of fish oils:
a dietary biomarker-based case-control study
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Summary Experimental studies suggest that the risk of prostate cancer is reduced with the intake of long-chain n-3 polyunsaturated fatty
acids derived from marine foods, such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). However, few human studies have
been conducted due to difficulties in assessing the dietary intake of these fatty acids. The authors examined the relationship between prostate
cancer risk and EPA and DHA in erythrocyte biomarkers in a population-based case—control study in Auckland, New Zealand during
1996-1997 involving 317 prostate cancer cases and 480 age-matched community controls. Reduced prostate cancer risk was associated
with high erythrocyte phosphatidylcholine levels of EPA (multivariate relative risk = 0.59; 95% confidence interval 0.37-0.95, upper vs lowest
quartile) and DHA (multivariate relative risk = 0.62; 95% confidence interval 0.39-0.98, upper vs lowest quartile). These analyses support
evidence from in vitro experiments for a reduced risk of prostate cancer associated with dietary fish oils, possibly acting via inhibition of
arachidonic acid-derived eicosanoid biosynthesis. © 1999 Cancer Research Campaign
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The wide international variation in prostate cancer incidence, anfqaATERIALS AND METHODS

increased risks for men who migrate from low- to high-risk coun-

t_ries, provide indirect evidence for the existence of environmentat, study participants

risk factors for prostate cancer (Nomura and Kolonel, 1991).

Dietary factors, particularly the consumption of fat, have been'he Auckland Prostate Study is a population based case—control
identified as likely environmental risk factors for prostate cancestudy which was carried out in the greater metropolitan area of
(Kolonel, 1996; Giovannucci, 1995), but the underlying mechaAuckland, New Zealand. The study population included all men
nisms and specific dietary risk factors remain unclear. It has beetged 40-80 years normally resident in the Auckland area during
proposed that through competitive inhibition of cyclooxygenasdhe 13-month study recruitment period from January 1996. Almost
and lipoxygenase pathways, n-3 polyunsaturated fatty acids fro@l men with newly diagnosed prostate cancer in this Auckland
marine foods may modify the biosynthesis of arachidonic acidPopulation age group attend specialist urologists, either in one
derived prostaglandins and other eicosanoids and thereby inhigit!blic hospital-based clinic, or one of three private clinics
prostate Carcinogenesis or progression (Karma”’ 1987)|nv0|v|ng seven urOlOgiStS. In this Study, all publIC hOSpital
Experimental studies involving the human prostate cancer celrology clinic attendees and patients attending five of seven
lines PC-3 and DU145 have shown inhibition of cell proliferationPrivate clinic urologists were eligible for participation. In order to
rates with exposure to long-chain n-3 polyunsaturated fatty acid§prove response rates and reduce dietary assessment biases
including eicosapentaenoic acid (EPA, C20:5n-3) and docosarising from knowledge of a recent cancer diagnosis, the majority
hexaenoic acid (DHA, C22:6n-3) (Rose, 1997). There have beepf prostate cancer cases were recruited prospectively from a larger
few human studies of the influence of dietary EPA and DHA or@roup of urology clinic attendees prior to the completion of clinic
prostate cancer risk since daily intake of these individual fattynvestigations for prostate cancer. The remainder of prostate
acids is relatively low in most Westernized countries, and valiccancer cases in the study population were identified retrospec-
and reliable dietary assessment instruments have not been avdively from histology reports, but within 3 weeks of the cancer
able with which to estimate their consumption. In order to addresdiagnosis. All prostate cancer cases were confirmed by reference
these concerns, the current study aimed to investigate associatid@s histology reports. The study identified a sub-group of

between prostate cancer risk and EPA and DHA intake assességlvanced’ cancer cases who were men with clinically significant
primarily by erythrocyte-based biomarker measurements. disease. The definition of ‘advanced’ cancers was defined prior to

study analyses and was based upon tumour stage and grade. It
comprised cases with documented pathological or radiological
evidence of tumour invasion beyond the prostate capsule, or a

Received 9 February 1999 tumour with a combined Gleason score of seven or more.

Revised 16 April 1999 Study controls comprised men aged 40-80 years, with no
Accepted 19 April 1999 history of prostate cancer, randomly selected from the general
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Table 1 Characteristics of the study participants — controls and total prostate cancers

Characteristic Controls Total cases P-value?
n =480 n=317

Age — mean years (s.e.m.) 69.1 (0.3) 68.3 (0.4) 0.10

Socio-economic status — number® (%)

— high 211 (44) 98 (31)

— middle 114 (24) 85 (27)

— low 149 (31) 129 (41) 0.001
Non-steroidal anti-inflammatory drug treatment® — number (%) 176 (37) 105 (33) 0.27
Total energy intake — mean kJ day* (s.e.m.) 8818 (117) 8929 (158) 0.57
Total fat intake — mean g day* (s.e.m.) 76.2 (1.3) 77.2 (1.7) 0.67
Total polyunsaturated fat intake — mean g day (s.e.m.) 9.9 (0.2) 10.5(0.3) 0.12
Total saturated fat intake — mean g day* (s.e.m.) 33.3(0.7) 33.5(0.9) 0.89
Total monounsaturated fat intake — mean g day* (s.e.m.) 24.9 (0.5) 25.0 (0.6) 0.86
Total eicosapentaenoic acid intake — mean g day* (s.e.m.)¢ 0.07 (0.004) 0.07 (0.004) 0.59
Total docosahexaenoic acid intake — mean g day (s.e.m.)? 0.11 (0.006) 0.10 (0.006) 0.65
Lycopene intake — mean pg day* (s.e.m.) 1616 (80) 1428 (69) 0.08
Erythrocyte eicosapentaenoic acid — mean mol % (s.e.m.) 0.67 (0.02) 0.62 (0.02) 0.05
Erythrocyte docosahexaenoic acid intake — mean mol % (s.e.m.) 1.47 (0.02) 1.38 (0.03) 0.01

aP-value for the comparison of total cases versus controls. "Total numbers may be incomplete due to missing data for some observations. ‘Regular use of
aspirin or other non-steroidal anti-inflammatory drugs. “Estimated daily intake based upon food frequency questionnaire data.

in the Auckland region). Control participants were group-matchedccording to the method of Bligh and Dyer (1959) and fatty acid
to cases during the study recruitment period using 10-year ag®mmposition of erythrocyte phosphatidylcholine was determined
groups and an approximate case—control ratio of 1:1.5. Approvalsing gas-liquid chromatography, as described by Holub and Skeaff
to carry out the study was obtained from the Northern Regiongll987). The precision of the fatty acid measurement was deter-
Health Authority Ethics Committee and written consent wasmined by repeated analyses<(22) of a pooled erythrocyte sample
obtained from all participants. carried out over the analysis period. Coefficients of variation for
EPA and DHA were 7.3% and 8.2% respectively. The addition of
internal standard to sample and blank extractions permitted sample
peak areas to be corrected for background contamination.
Identical procedures were used for exposure data collection froQuantification of the area under the curves for individual fatty acids
cases and controls. Study participants completed self-administeretlowed calculation of the molar proportion of the total fatty acids.
questionnaires including a validated 107 food-item food frequencyaboratory staff were kept blind to the case—control status of
questionnaire (Sharpe et al, 1993) and a general questionnaparticipants’ blood samples.

covering personal, socio-demographic, anthropometric, medical
and lifestyle data. Spearman correlation coefficients for estimateg
intake of total fat and total polyunsaturated fat (food frequency
questionnaire vs 7-day food record) were 0.69 and 0.63 respeblutrient consumption was estimated from the food frequency
tively (Sharpe et al, 1993). Research nurses visited all participantgiestionnaire data and New Zealand food composition tables
at home to obtain blood samples and to check the completeness(Burlingame et al, 1993). Categories of exposure for nutrients and
responses to the questionnaires which had been posted to partittie molar percentage of erythrocyte fatty acids were defined by
pants 1-2 weeks previously. Participants with missing responsegiartiles, based upon the distribution in the control group. Relative
were encouraged to fully complete the questionnaires (self-admimisks for total and advanced prostate cancers were calculated for
istered) at the time of the visit. Although the nurse-interviewergjuartile categories, with the reference group comprised of the
were not ‘blind’ to the case—control status of participants, neithelowest quartile. Since controls were matched to cases by age grouy
they nor the participants were aware of specific hypotheseduring recruitment, age-adjusted relative risks were calculated for
concerning diet and prostate cancer risk. all analyses. Multivariate relative risks were calculated using an
unconditional logistic regression model. Age was included as a
continuous variable in regression models, but other co-variates
were included as categorical terms. Socio-economic status was
defined by the participants’ usual current or former occupation (if
Ten millilitres of whole blood was collected from participants in retired), according to the modified Elley-Irving Classification
EDTA and transported promptly to the laboratory in chilled poly-(Johnston, 1983) which has been widely used in New Zealand popu-
styrene containers. Erythrocytes were separated from plasma aladion research. Energy-adjustment of fatty acid data was carried out
washed three times in HEPES-buffered saline. Centrifugation dby including categorical terms for total energy consumption
samples was carried out &4 Washed erythrocyte samples were (derived from the food frequency questionnaire) in the logistic
transferred to cryovials (Greiner) allowing minimal headspace airegression model. A test for overall trend across categories used the
in each vial and stored at <&for a period of 3—-12 months prior P-values from a logistic regression model, which included ordinal
to further analysis. Lipids were extracted from packed erythrocyteterms for each quartile of intake as well as confounding co-variates.

Collection of questionnaire data

tatistical analysis

Blood sample processing and erythrocyte fatty acid
analysis
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Table 2 Prostate cancer relative risk and eicosapentaenoic acid and docosahexaenoic acid levels in erythrocyte phosphatidylcholine, by quartile, total and
advanced cancers

Quartile — relative risk (95% confidence interval)

Fatty acid Q1 Q2 Q3 Q4 (high) P for trend
Eicosapentaenoic — mol %? <0.44 0.44-0.62 0.62-0.83 >0.83
acid (C20:5n-3) Total cancers:
— age-adjusted RR 1.00 0.65 (0.43-0.99) 0.70(0.46-1.05)  0.60 (0.39-0.92) 0.02
— multivariate RR” 1.00 0.74 (0.47-1.14) 0.72 (0.46-1.12) 0.59 (0.37-0.95) 0.03
Advanced cancers:
— age-adjusted RR 1.00 0.66 (0.41-1.07) 0.68 (0.42-1.10)  0.57 (0.34-0.94) 0.03
— multivariate RR® 1.00 0.73(0.43-1.22)  0.65(0.38-1.11)  0.54 (0.31-0.96) 0.03
Docosahexaenoic — mol %? <1.13 1.13-1.42 1.42-1.70 >1.70
acid (C22:6n-3) Total cancers:
— age-adjusted RR 1.00 0.80 (0.53-1.20)  0.53 (0.34-0.83)  0.66 (0.43-1.00) 0.02
— multivariate RR® 1.00 0.83(0.53-1.28) 0.54 (0.33-0.87)  0.62 (0.39-0.98) 0.01
Advanced cancers:
— age-adjusted RR 1.00 0.83(0.52-1.32)  0.44(0.26-0.76)  0.73 (0.45-1.18) 0.06
— multivariate RR® 1.00 0.84 (0.51-1.39) 0.46 (0.25-0.82) 0.66 (0.39-1.13) 0.04

aBased upon percentage of total peak areas. "Multivariate logistic regression model including terms for age, height, total non-steroidal anti-inflammatory drug
use, socio-economic status, and food frequency questionnaire-estimated intake of total polyunsaturated fat and lycopene.

biomarker measurements of EPA and DHA intake, but not with
estimated dietary intakes of these fatty acids derived from self-
Participants in the Auckland Prostate Study included a total of 317eported food consumption.
prostate cancer cases (77% response rate) and 480 controls (710/A major goal of our Study was to incorporate more accurate
response rate). The results of blood sample analyses were avafieasurements of dietary exposure to fish oils. The molar propor-
able for 285 cases (90%) and 427 (89%) of study controls. Due igon of individual erythrocyte fatty acids quantified in our study
the age-matched recruitment process there was little difference fapresents a relative measure of fatty acid exposure integrated over
age distribution of cases and controls, however, cases were §fne at the circulation level, closer to the target tissue of concern.
lower socio-economic status and less likely to receive regulathis approach reduces some of the uncertainties concerning self-
treatment with non-steroidal anti-inflammatory drugs (Table 1)reported diets and nutritional database inadequacies. Several inter-
Energy and total fat intake was similar between the two groupssention studies of human subjects given controlled diets of EPA
but cases reported a lower mean intake of lycopene and had lowgfid DHA (including those with moderate intake levels) have
erythrocyte levels of EPA and DHA. Examination of these characdemonstrated clear associations with the erythrocyte fatty acid
teristics amongst participants for whom blood results were aVa”composition of these fatty acids (Glatz et al, 1989; Agren and
able revealed only very minor differences from the total StUd)Hanninen, 1991; Brown et al, 1991, Vajreswari and
population. Narayanareddy, 1992). Although not directly examined in erythro-
For the control group the Spearman coefficienfdr the corre-  cytes, it has been demonstrated that the consumption of pre-
lations between erythrocyte phosphatidylcholine EPA measurgiormed EPA and DHA in the diet leads to a greater increase of
ment and food frequency questionnaire-estimated daily intake qhese fatty acids in plasma and platelet phospholipids than an
total fish was 0.26; for DHA, Spearmar 0.32. Similar correla-  equivalent intake of dietary alpha-linolenic acid (Sanders and
tion coefficient values were observed for cases. A significankoshanai, 1983; Mantzioris et al, 1994), suggesting that dietary
inverse association was observed between erythrocyte measufgtake, rather than endogenous biosynthesis is the major determi-
ments of EPA and DHA and the risk of prostate cancer (Table 2Zhant of circulating levels in humans.
This association persisted following adjustment for a number of We observed only moderate correlations between erythrocyte
potential confounding variables included in a multivariate modeljevels of EPA and DHA and self-reported fish intake, but similar
Energy-adjusted analyses resulted in negligible differences in relaprrelation values existed for prostate cancer cases and controls.
tive risk estimates and are not presented. However, estimates pfiese findings are similar to those reported by a previous small
da”y EPA and DHA intake derived from the food frequency qUeS'Case_Contr0| Study of prostate cancer (God|ey et a|,a)_9gﬁey
tionnail’e were not Signiﬁcantly aSSOCiated W|th pI’OState Canc%uggest that the food frequency questionnaires used in these
risk; the multivariate relative risk for the upper quartile versus thestydies may not constitute a very sensitive and accurate means of
lowest quartile of EPA intake was 0.96 (95% confidence interva}assessing EPA and DHA intake, particularly in study populations
(Cl) 0.63-1.48); and for DHA intake the relative risk was 1.10with relatively restricted intakes of marine food sources. However,
(95% CI1 0.71-1.70). the similar correlations for prostate cancer cases and controls
provide indirect evidence that prostate cancer does not seriously
disrupt the relationship between dietary fatty acids and their incor-
DISCUSSION poration into erythrocytes, an important theoretical concern with
This population-based case—control study of prostate cancer hte use of biological measurements of exposure in case—control
observed a reduction in prostate cancer risk associated with dietastudies. Although differences in plasma fatty acids observed

RESULTS
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between colorectal cancer patients and controls have been attrigtudy who regularly took non-steroidal anti-inflammatory drugs

uted, at least in part, to metabolic changes associated with maligNorrish et al, 1998).

nancy, corresponding differences were not reported for erythrocyte In conclusion, our observations of a reduced prostate cancer risk

fatty acids in the same study (Baro et al, 1998). associated with increased levels of long-chain n-3 polyunsaturated
The initial participant response rates are typical of thosdatty acids in erythrocytes are supportive of eicosanoid-based

achieved by this type of case—control study design; howevehypotheses for prostate carcinogenesis or progression, and warran

incomplete recruitment raises the potential for selection bias in odurther investigation.

study. The excluded cases attending two out of seven private urol-

ogists were estimated to represent only 9% of the total number of

cases, and were expected to be representative of private caACKNOWLEDGEMENTS
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